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APPARATUS AND METHOD FOR THERMALLY CYCLING SAMPLES OF BIOLOGICAL 
MATERIAL WITH SUBSTANTIAL TEMPERATURE UNIFORMITY 

BACKGROUND OF THE INVENTION 

Related Applications 

This application is a divisional of Application Serial Number 09/364,051 filed on July 30, 
1999, the entirety of which is hereby incorporated herein by reference. 

Field of the Invention 

This invention relates to an apparatus for heating samples of biological material, and 
more particularly an apparatus for thermal cycling of DNA samples to accomplish a polymerase 
chain reaction, a quantitative polymerase chain reaction, a reverse transcription-polymerase 
chain reaction, or other nucleic acid amplification types of experiments. 

Description of the Related Art 

Currently, techniques for thermal cycling of DNA samples are well-known. By 
performing a polymerase chain reaction (PCR), DNA can be amplified. It is desirable to cycle a 
specially constituted liquid biological reaction mixture through a specific duration and range of 
temperatures in order to successfully amplify the DNA in the liquid reaction mixture. 
Thermocycling is the process of melting DNA, annealing short primers to the resulting single 
strands, and extending those primers to make new copies of double stranded DNA. The liquid 
reaction mixture is repeatedly put through this process of melting at high temperatures and 
annealing and extending at lower temperatures. 



In a typical thermocycling apparatus, a biological reaction mixture including DNA will 
be provided in a large number of sample wells on a thermal block assembly. It is desirable that 
the samples of DNA have temperatures throughout the thermocycling process that are as uniform 
as reasonably possible. Even small variations in the temperature between one sample well and 
another sample well can cause a failure or undesirable outcome of the experiment. For instance, 
in quantitative PCR, one objective is to perform PCR amplification as precisely as possible by 
increasing the amount of DNA that generally doubles on every cycle; otherwise there can be an 
undesirable degree of disparity between the amount of resultant mixtures in the sample wells. If 
sufficiently uniform temperatures are not obtained by the sample wells, the desired doubling at 
each cycle may not occur. Although the theoretical doubling of DNA rarely occurs in practice, it 
is desired that the amplification occurs as efficiently as possible. 

In addition, temperature errors can cause the reactions to improperly occur. For example, 
if the samples are not controlled to have the proper annealing temperatures, certain forms of 
DNA may not extend properly. This can result in the primers in the mixture annealing to the 
wrong DNA or not annealing at all. Moreover, by ensuring that all samples are uniformly 
heated, the dwell times at any temperature can be shortened, thereby speeding up the total PCR 
cycle time. By shortening this dwell time at certain temperatures, the lifetime and amplification 
efficiency of the enzyme are increased. Therefore, undesirable temperature errors and variations 
between the sample well temperatures should be decreased. 

In light of the foregoing, there is a need for a thermocycling apparatus that enhances 
temperature uniformity for the DNA sample wells in the apparatus. 



SUMMARY OF THE INVENTION 
The advantages and purposes of the invention will be set forth in part in the description 
which follows, and in part will be apparent from the description, or may be appreciated by 
practice of the invention. The advantages and purposes of the invention will be realized and 
attained by means of the elements and combinations particularly pointed out in the appended 
claims. 

To attain the advantages and in accordance with the purposes of the invention, as 
embodied and broadly described herein, the invention includes an apparatus for heating samples 
of biological material. The apparatus in its preferred embodiment includes: a thermal block 
assembly including a plurality of sample holders for receiving samples of biological material; a 
heat sink thermally coupled to the thermal block assembly, the heat sink transferring heat away 
from the thermal block assembly to ambient air in contact with the heat sink; a first heat source 
thermally coupled to the thermal block assembly to provide heat to the thermal block assembly; 
and a second heat source thermally coupled to the first heat source and configured to provide 
heat to at least a portion of the first heat source. The arrangement of the heat sink, first heat 
source and second heat source can provide substantial temperature uniformity among the 
plurality of sample holders. 

In another aspect, the apparatus includes: a thermal block assembly including a plurality 
of sample wells for receiving samples of biological material; and a first cover of insulating 
material. The first cover tends to thermally insulate the sample wells of the thermal block 
assembly. The first cover includes a plate with a plurality of cylindrical sample well openings. 
Each cylindrical sample well opening corresponds to a respective sample well. The first cover 
surrounds the top and extends over at least a portion of the sides of the thermal block assembly. 



In a further aspect of the invention, the invention includes a method for thermally cycling 
samples of biological material in an apparatus with at least one sample holder located in a 
thermal block assembly. The method includes the steps of inserting at least one sample of 
biological material into a sample holder of the apparatus; measuring the temperature of the 
thermal block assembly at at least one location on the thermal block assembly; calculating the 
desired temperature of the thermal block assembly; comparing the desired temperature with the 
measured temperature, and if the measured temperature is less than the desired temperature, the 
method further comprises the steps of: applying a first heat source, a portion of the heat from the 
first heat source being transferred to the thermal block assembly; applying a second heat source, 
a portion of the heat from the second heat source being transferred to the first heat source; and 
applying a third heat source, a portion of the heat from the third heat source being transferred to 
the sample holders; if the measured temperature is greater than the desired temperature, the 
method further comprises the step of cooling the thermal block assembly by imparting a cooling 
convection current on a heat sink which is thermally coupled to the thermal block assembly to 
provide heat transfer from the thermal block assembly to ambient air in contact with the heat 
sink; and repeating the steps of measuring, calculating, and comparing until the predetermined 
thermal cycle for the samples of biological material is completed. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the invention, 
as claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and constitute a part of this 
specification, illustrate several embodiments of the invention and together with the description, 
serve to explain the principles of the invention. In the drawings, 

Fig. 1 is a perspective view of the apparatus for thermally cycling samples of a biological 
material according to the invention; 

Fig. 2 is a front sectional view of the apparatus of Fig. 1; 

Fig. 3 is another perspective view of the apparatus of Fig. 1; 

Fig. 4 is a perspective cutaway view of the apparatus of Fig. 1 ; 

Fig. 5 is a partial front sectional view of the apparatus of Fig. 1 with sample tubes 
included; 

Fig. 6 is a top view of a thermal block assembly of the apparatus of Fig. 1; 

Fig. 7 is a perspective view of the thermal block assembly of Fig. 6; 

Fig. 8 is a perspective sectional view of a sample well of the apparatus of Fig. 1; 

Fig. 9 is a perspective view of a sensor cup of the apparatus of Fig. 1; 

Fig. 10 is a perspective view of a heat sink of the apparatus of Fig. 1; 

Fig. 1 1 is a bottom view of the heat sink of Fig. 10; 

Fig. 12 is a top view of a solid state heater of the apparatus of Fig. 1; 
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Fig. 13 is a side view of the solid state heater of Fig. 12; 

Fig. 14 is a perspective view of the solid state heater of Fig. 12; 

Fig. 15 is a top view of a spacer bracket with the solid state heaters of Figs. 12-14 
installed; 

Fig. 16 is a top perspective view of the spacer bracket of the apparatus of Fig. 1; 

Fig. 17 is a bottom perspective view of the spacer bracket of Fig. 16; 

Fig. 18 is a top view of the heat sink, a bottom resistive heater, and the solid state heaters 
of the apparatus of Fig. 1; 

Fig. 19 is a bottom view of a thermal block plate and the solid state heaters of the 
apparatus of Fig. 1; 

Fig. 20 is a bottom perspective view of a thermal block assembly insulating cover of the 
apparatus of Fig. 1; 

Fig. 21 is a side sectional view of the thermal block assembly insulating cover of Fig. 20; 
Fig. 22 is a front sectional view of the thermal block assembly insulating cover of Fig. 

20; 

Fig. 23 is a side sectional view along a plurality of attachment screws of the apparatus of 

Fig. 1; 

Fig. 24 is a magnified view of a portion of Fig. 23; 
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Fig. 25 is a bottom view of a top resistive element heater of the apparatus of Fig. 1; 
Fig. 26 is a perspective view of the top insulating cover of the apparatus of Fig. 1; 
Fig. 27 is a bottom view of the top insulating cover of Fig. 26; 

Fig. 28 is a perspective view of a top insulating cover assembly of the apparatus of Fig. 1; 

Fig. 29 is a perspective view of a top insulating plate of the apparatus of Fig. 1; and 

Fig. 30 is a top view of the top insulating plate of Fig. 29. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same reference numbers will be used throughout the drawings to refer to the same or like 
parts. 

In accordance with the present invention, an apparatus for thermally cycling samples of a 
biological material in the form of a biological reaction mixture such as DNA is provided. In 
accordance with the present invention, the apparatus includes a thermal block assembly 
including a plurality of sample wells for receiving sample tubes of a biological reaction mixture. 
As embodied herein and shown in Figs. 1-8, the apparatus 10 for thermally cycling samples of 
DNA includes a thermal block assembly 20. Thermal block assembly 20 includes a flat thermal 
block plate 22 and a plurality of sample wells 24 for receiving tubes with samples of DNA, as 
best shown in Figs. 2, 6 and 7. Thermal block plate 22 is substantially rectangular and is of 
sufficient size to accommodate a plurality of sample wells on the top surface, but could be of 
other shapes such as for example circular. In the embodiment shown in the drawings, the plate 
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22 accommodates 96 sample wells in an eight by twelve grid. It is to be understood that the 
number of sample wells can be varied depending on the specific application requirements. For 
example, the sample wells could be arranged to form a grid which is sixteen by twenty- four, 
thereby accommodating 384 sample wells. The sample wells 24 are conical in shape, as shown 
in Fig. 8. The walls 25 of the tube are conical, and extend at an angle to the flat plate 22. The 
bottom 26 of the interior of the sample well is rounded. The bottom of each sample well is 
attached to the thermal block plate 22. It should be understood that the sample wells could have 
any number of shapes, such as for example, cylindrical, so that the inner surface of the sample 
wells closely mates with the sample tube inserted inside. 

The sample wells are designed so that plastic sample tubes with DNA samples can be 
placed in the sample wells. Fig. 5 shows a partial cut-away cross section with sample tubes 140 
placed in the sample wells 24. Each sample well 24 is sized to fit the sample tube 140 exterior 
so that there will be substantial contact area between the plastic sample tube 140 and the interior 
portion of the sample well wall 25 to enhance the heat transfer to the DNA sample in the plastic 
sample tube and reduce differences between the DNA mixture and sample well temperatures. 
The plastic sample tube includes a conical wall portion 142 which closely mates with the sample 
well wall 25. 

The plastic sample tubes are available in three common forms in the preferred 
embodiment: 1) single tubes; 2) strips of eight tubes which are attached to one another; and 3) 
tube trays with 96 attached sample tubes. The apparatus is preferably designed to be compatible 
with any of these three designs. A typical sample tube has a fluid volume capacity of 
approximately 200 (il, however other sizes and configurations can be envisaged. The fluid 
volume typically used in an experiment is substantially less than the 200 |ul sample tube capacity. 
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Although the preferred embodiment uses sample wells, other sample holding structures 
such as slides, partitions, beads, channels, reaction chambers, vessels, surfaces, or any other 
suitable device for holding a sample can be envisaged. Moreover, although the preferred 
embodiment uses the sample holding structure for biological reaction mixtures, the samples to be 
placed in the sample holding structure are not limited to biological reaction mixtures. Samples 
could include any type of product for which it is desired to heat and/or cool, such as cells, 
tissues, microorganisms or non-biological product. 

As embodied herein and shown for example in Fig. 5, each sample tube 140 also has a 
corresponding cap 146 for maintaining the biological reaction mixture in the sample tube. The 
caps 146 are typically inserted inside the top cylindrical surface 148 of the sample tube 140. 
These caps are relatively clear so that light can be transmitted through the cap. Similar to the 
sample tubes 140, the caps 146 are typically made of molded polypropylene, however, other 
suitable materials are acceptable. Each cap 146 has a thin, flat, plastic optical window 148 on 
the top surface of the cap. The optical window in each cap allows radiation such as excitation 
light to be transmitted to the DNA samples and emitted fluorescent light from the DNA to be 
transmitted back to an optical detection system during cycling. 

A biological probe can be placed in the DNA samples so that flourescent light is 
transmitted in and emitted out as the strands replicate during each cycle. A suitable optical 
detection system can detect the emission of radiation from the sample. The detection system can 
thus measure the amount of DNA which has been produced as a function of the emitted 
flourescent light. Data can be provided from each well and analyzed by a computer. 
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The thermal block plate 22 is provided with mounting holes 27, as best shown in Figs. 6 
and 7. Attachment screws or other fasteners pass through each of the holes 27. The arrangement 
of these fasteners will be discussed in greater detail below. 

The thermal block assembly 20 further includes a plurality of sensor cups 28, as best 
shown in Figs. 6, 7 and 9. The sensor cups 28 are positioned adjacent the outer periphery of the 
thermal block plate 22. In the illustrated embodiment, four sensor cups 28 are positioned outside 
the grid of sample wells 24. There is at least one sensor cup for each thermoelectric or solid state 
heating device used to heat the thermal block assembly. The details of the solid state heating 
devices will be discussed below. In the illustrated embodiment, the apparatus is provided with 
four solid state heating devices, therefore it is appropriate to use at least four thermal sensors. If 
more solid state heating devices were used, then it would be desirable to have more sensor cups. 
Each of the solid state heating devices may heat at slightly different temperatures, therefore the 
provision of a thermal sensor in a sensor cup 28 for each solid state heater increases thermal 
block temperature uniformity. 

The sensor cups 28 each include a thermistor or other suitable temperature sensor 
positioned to measure the temperature of the thermal block plate. Alternate temperature sensors 
include thermocouples or RTDs. Each type of temperature sensor has advantages and 
disadvantages. The temperature of the thermal block plate at the sensor cup corresponds to the 
temperature of adjacent sample wells. The temperature data from the cup is sent to a controller 
which will then adjust the amount of heat provided by the heating devices. 

The thermal block plate 22, sample wells 24, and sensor cups 28 are preferably composed 
of copper alloy with a finish of electroplated gold over electroless nickel, although other 



- 10- 



materials having a high thermal conductivity are also suitable. This composition increases the 
thermal conductivity between the components and prevents corrosion of the copper alloy, 
resulting in faster heating and cooling transition times. It is important for the thermal block 
assembly to have a thermal conductivity chosen to increase the temperature uniformity of the 
sample wells. As previously discussed, increasing thermal block temperature uniformity 
increases the accuracy of the DNA cycling techniques. It is desirable to obtain substantial 
thermal block temperature uniformity among the sample wells. For example, in a thermal block 
assembly with 96 sample wells with 200jli1 capacity sample wells being used to thermally cycle 
samples of DNA, it is typically desirable to obtain temperature uniformity of approximately plus 
or minus 0.5 degrees C. 

The sample wells 24 and sensor cups 28 are fixed to the top surface of the thermal block 
plate. In preferred embodiment, the sample wells 24 and sensor cups 28 are silver brazed to the 
thermal block plate 22 in an inert atmosphere, although other suitable methods for fixing the 
sample wells and sensor cups are known. For example, the design of the present invention is 
well suited for a fixing method involving ultrasonic welding. In this ultrasonic welding method, 
the sample wells are attached to the thermal plate using pressure and mechanical vibration 
energy. Many copper alloys and other non-ferrous alloys are well suited for this method. 
Ultrasonic welding provides the advantages of excellent repeatability and minimal impact to the 
original material properties because no significant heating is required. Another sample well 
fixing method involves a copper casting process. Copper casting would require design changes 
in the sample well geometry. Although the casting process would be less expensive than the 
silver brazing method, there will be a loss in performance. Therefore, the silver brazing method 
described above is the preferred method for fixing the sample wells to the thermal block plate. 



In accordance with the present invention, the apparatus further includes a heat sink for 
transferring heat from the thermal block assembly to ambient air located adjacent to the heat 
sink. As embodied herein and shown in Figs. 1-4 and 10-11, heat sink 30 is provided for 
transferring heat from the thermal block assembly 20. Heat sink 30 includes a plurality of 
parallel, rectangular fins 32 extending downward from a base 34. It should be understood that 
the heat sink 30 may be of any well-known type. The heat base 34 and rectangular fins 32 are 
preferably made from aluminum, although other suitable materials may be used. The heat sink 
30 allows the thermal block assembly 20 to be quickly and efficiently cooled during thermal 
cycling. Heat is transferred from the thermal block assembly 20 to the heat sink 30 due to the 
heat sink's lower temperature. The heat which flows to the heat sink is dissipated from the heat 
sink rectangular fins 32 to the ambient air which flows between the fins. 

The heat sink base 34 includes attachment holes 36 through which fasteners such as 
attachment screws pass. The attachment holes 36 extend from the top surface 60 to the bottom 
surface or underside 35 of the heat sink base 34. The details of the attachment means will be 
described later. 

In accordance with the present invention, the apparatus further includes at least one solid 
state heater to provide heat to the thermal block assembly. As embodied herein and shown in 
Figs. 2, 4, 12-15, and 18-19, solid state heaters 40 are provided in order to supply heat to the 
thermal block assembly. The solid state heaters 40 are preferably thermoelectric heaters such as 
Peltier heaters, but could also be any other type of heater such as a resistive heater. Peltier 
heaters are preferred because they can be controlled to exhibit a temperature gradient, as will be 
discussed later. The other advantage of Peltier heaters is that Peltier heaters are capable of 
providing cooling. The Peltier heaters can be controlled to cool the thermal block assembly 
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below the ambient temperature. This cooling is not possible with other types of heaters such as a 
resistive element heater. This cooling allows the Peltier heaters to pump heat from the thermal 
block assembly to the heat sink. The Peltier heaters achieve cooling by changing the electrical 
current polarity into the Peltier heaters. The convective air current across the heat sink transfers 
this heat which has been pumped to the heat sink to the ambient air. 

Each Peltier heater includes two lead wires 41 for supplying an electrical current through 
the heater. Each Peltier heater also includes a first side 42 located closer to the thermal block 
plate 22, and a second side 44 located closer to the heat sink base 34. During heating of the 
Peltier heater, the first side 42 will be hot and the second side 44 will be cool. During cooling by 
the Peltier heater, the first side 42 will be cool and the second side 44 will be hot. As previously 
discussed, the hot and cold sides are changed with the reversal of the current flow. A plurality of 
these heaters are located between the heat sink 30 and thermal block assembly 20. The number 
of Peltier heaters can vary depending on the specific heating and cooling requirements for the 
particular application. In the illustrated embodiment, four Peltier heaters are provided. The 
number and shape of Peltier heaters can be modified. The system could be altered such that a 
rectangular Peltier heater could be used, alone or in combination with other rectangular or square 
Peltier heaters. Other shapes of Peltier heaters could also be envisaged. Other types of Peltier 
heaters, such as two-stage Peltier heaters, could also be envisaged. For example, a two-stage 
Peltier heater has two levels or stages of heat pumping elements which are separated by a plate. 
These two-stage Peltier heaters are typically used in order to create very large temperature 
differences between the cold and hot sides. Peltier heaters with more than 2 pumping stages are 
also possible. 
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As previously discussed, each of the Peltier heaters is controlled independently of the 
other Peltier heaters. Independent heater control is desirable because each Peltier heater may 
have slightly different temperature characteristics, that is, if identical currents were placed in 
each of the Peltier heaters, each of the Peltier heaters could have a slightly different temperature 
response. Therefore, by providing temperature control using multiple sensors and sensor cups 
for the heaters, each Peltier heater can be separately controlled to enhance uniform temperature 
distribution to the thermal block assembly. Alternately, the independent temperature control can 
be used to set up a plurality of temperature zones with different temperatures. 

In accordance with the present invention, the apparatus further includes a spacer, such as 
a bracket for positioning the at least one solid state heater. As embodied herein and shown in 
Figs. 2, 4, and 15-17, the spacer bracket 46 is provided above and adjacent to the heat sink base 
34. The spacer bracket is preferably composed of polyetherimide, although other suitable 
materials are also acceptable. A spacer bracket cover 49 is included above and adjacent to the 
spacer bracket 46. The spacer bracket 46 includes attachment holes 48 through which fasteners 
such as the attachment screws pass. 

The spacer bracket 46 includes openings 52 in which the Peltier heaters 40 are 
positioned. As shown in Fig. 15, for example, two Peltier heaters 40 can be positioned in each of 
the two openings 52. The lead wires 41 of the Peltier heaters are positioned so that they will be 
received in slots 47 of the spacer bracket. The placement of the lead wires 41 in the slots 47 will 
prevent significant movement by the Peltier heaters in the bracket, while still allowing slight 
movement. The slots 47 are dimensioned to be slightly larger than the lead wires 47 to allow 
such slight movement. 
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The spacer bracket has bosses 54 around the attachment holes 48 which have a thickness 
such that the thermal block assembly will be placed in compression. By placing the thermal 
block assembly in compression, heat transfer can occur more efficiently. For example, by 
imparting a compressive force, the Peltier heaters, heat sink, thermal block plate, and thermal 
interface materials will be placed firmly in contact with one another. It should be understood 
that the spacer bracket can be designed to accommodate a variety of different Peltier heater 
configurations. The spacer bracket and Peltier heaters are designed so that a minimum amount 
of heat is transferred to the spacer bracket. As shown in Fig. 15, a small gap is provided between 
the outside edge of the Peltier heaters 40 and the inner surfaces 5 1 of the inner walls of the 
openings 52. The gap reduces the amount of contact between the Peltier heaters and the spacer 
bracket, thereby reducing the amount of heat loss to the spacer bracket. 

In accordance with the present invention, the apparatus further includes a heater located 
below the solid state heaters for heating a bottom portion of the solid state heaters. As embodied 
herein and shown in Figs. 2, 10 and 18, a plurality of resistive element heaters 58 are provided 
on the top surface 60 of the heat sink base 34. It should be understood that any other type of 
suitable heater may also be used. In the illustrated embodiment, resistive element heaters 58 are 
placed at the front and back edges of the top surface 60 of the heat sink. For the sake of the 
specification, the front of the apparatus is the portion of the apparatus located adjacent the air 
exit plate on the left side of the apparatus in Fig. 1. The back of the apparatus is the portion of 
the apparatus located adjacent the opposite air exit plate which cannot be seen in Fig. 1. The 
positioning of the front and the back resistive element heaters helps to provide thermal block 
temperature uniformity in a manner described in further detail below. 
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The Peltier heaters 40 are the primary source used for heating the thermal block plate 22. 
However, the Peltier heaters are primarily located towards the central portion of the apparatus, in 
that the Peltier heaters are located in the openings 52 of the spacer bracket 46 as best shown in 
Figs. 15-18. Therefore, in the absence of the bottom resistive heater, the Peltier heaters would 
be directed primarily to the central portion of the thermal block plate, with the risk of decreasing 
temperatures at the edges of the thermal block plate, such as the front and back portions 

The apparatus of the present invention includes an arrangement for heating the thermal 
block at the front and back edges to provide thermal block temperature uniformity. Resistive 
heaters 58 are provided for improving thermal block plate temperature uniformity. The resistive 
heaters do this by heating the edges of the heat sink on which they are attached. This results in a 
desired temperature gradient in the heat sink 30. The resistive heaters 58 do not directly heat the 
front and back portions of the thermal block through convection or direct contact. The resistive 
heaters 58 also do not contact the Peltier heaters 40. The resistive heaters 58 create the 
temperature gradient in the heat sink by increasing the temperature of the heat sink at the front 
and back of the heat sink base 34. As a result of the temperature gradient on the heat sink, the 
Peltier heaters transfer a greater amount of heat at the front and back edges of the Peltier heater 
which are adjacent to the heat sink at the locations closest to the resistive heaters 58. The hot 
side of the Peltier heaters will have a hotter temperature at the portion of the Peltier heater 
closest to the resistive heater. Therefore, the front and back portions of the thermal block plate 
will receive a greater amount of heat transfer than the central portion of the thermal block plate. 
This will ensure that the front and back portions of the thermal block plate which are not 
adjacent to the Peltier heaters will receive heat transfer by conduction through the thermal block 
plate and thermal interface elements which will be discussed below. It should be understood that 
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the number and position of the resistive element heaters is exemplary only and will vary 
depending on the design requirements of the apparatus. 

In accordance with the present invention, at least one bottom thermal interface element is 
provided between the bottom of the Peltier heaters and the top surface of the heat sink. As 
embodied herein and shown in Figs. 2 and 18, bottom thermal interface elements 62 are flat 
plates positioned between the bottom of the Peltier heaters 40 and the top surface 60 of the heat 
sink. A bottom thermal interface element 62 is provided for each of the openings 52 in the 
spacer element. Therefore, the two Peltier heaters in the front opening are provided with a plate 
of thermal interface material, and the two Peltier heaters in the back opening are provided with a 
second plate of thermal interface material. 

Each bottom thermal interface element 62 is slightly smaller than its respective opening 
52 in the spacer element. Each bottom thermal interface element roughly corresponds to the size 
of the surface area of the two Peltier heaters which it covers. For example, in the top view 
shown in Fig. 18, the bottom thermal interface elements are located immediately underneath the 
Peltier heaters. Only a small portion of the bottom thermal interface element can be shown 
because the Peltier heaters cover the entire surface area of the bottom thermal interface elements 
except for the portion located in between the two Peltier heaters sharing the same opening, as 
shown in Fig. 18. 

The bottom thermal interface elements 62 have a high rate of thermal conductivity in 
order to provide effective heat transfer between heat sink and Peltier heaters. In addition, the 
material is relatively soft so that the plates 62 can be compressed. This allows the Peltier heaters 
to have a more evenly distributed surface area with the top of the heat sink. An example of the 



- 17- 



type of material to be used in the thermal interface elements is a boron nitride filled silicone 
rubber. Any other type of suitable material is also acceptable. 

In accordance with the present invention, at least one top thermal interface element is 
provided between the top of the Peltier heaters and the bottom of the thermal block plate. As 
embodied herein and shown in Figs. 2 and 19, a pair of top thermal interface elements 64 are 
located between the top of the Peltier heaters and the bottom of the thermal block plate 22. 
During heating by the Peltier heaters, the top thermal interface elements conduct the heat from 
the first side 42 of the Peltier heaters 40 to the bottom of the thermal block plate 22. The top 
thermal interface elements 64 are similar in shape and size to the bottom thermal interface 
elements 62, except for the additional provision of thermal interface wings 65 on the thermal 
interface elements. The wings are located on the front and back side of each Peltier heater. The 
wings 65 provide heat transfer to the areas of the thermal block plate 22 outside of the Peltier 
heaters. The wings 65 effectively conduct the additional heat that is generated in the heat sink 
and Peltier heaters at the front and back edges due to the bottom resistive heaters. The wings 
distribute this heat to the front and back edges of the thermal block plate. This increases thermal 
block temperature uniformity. The top thermal interface elements 64 are composed of the same 
material with the relatively high rate of thermal conductivity as the bottom thermal interface 
elements 62. 

It should be understood that any number of interface elements, including only one, could 
be used. The provision of the top and bottom thermal interface elements also allows the Peltier 
heaters 40 to "float" between the thermal block plate 22 and the heat sink base 34. The 
compressible thermal interface material provides for effective heat transfer among the surfaces 
while also uniformly loading the Peltier heaters in compression. The use of the compressible 
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thermal interface material increases cycle life and reliability of the Peltier heaters. The thermal 
interface material improves the reliability of the system by affecting the compressive load 
imparted onto each Peltier heater. Any structural compressive loading forces are dampened and 
uniformly distributed into the Peltier heaters due to the thickness and elastomeric characteristics 
of the thermal interface material. Due to the more uniform loads imparted on the Peltier heaters, 
the reliability of the solder joints within each Peltier heater will be improved. It is important not 
to overly compress the Peltier heater with physical or thermal shock which can result in 
premature failure. Other ways in which the present invention improves the reliability of the 
Peltier heaters will be discussed below. 

In accordance with the present invention, the apparatus further includes a first insulating 
cover for insulating the thermal block assembly. As embodied herein and shown in Figs. 2, 4, 5, 
and 20-22, first insulating cover 70 is provided for insulating the thermal block assembly 20. 
The first insulating cover is preferably composed of polyetherimide, although other suitable 
materials are also acceptable. First insulating cover 70 is in the shape of a block having an inner 
surface 72 with a plurality of cylindrical sample well openings 74. Each sample well opening 74 
corresponds to a sample well 24 on the thermal block assembly 20. When the first insulating 
cover 70 is placed on top of the thermal block assembly 20, the sample wells 24 are encapsulated 
within their respective sample well opening 74. As shown in Fig. 2, the depth of the sample 
wells openings 74 is almost as long as the sample wells 24. In the illustrated embodiment, the 
cylindrical opening 74 extends for a substantial length of the sample well positioned inside the 
cylindrical opening. Therefore, the sample wells 24 are almost completely surrounded by the 
first insulating cover. 
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The first insulating cover 70 achieves the insulation of the sample wells of the thermal 
block assembly in two main ways. First, the insulating cover substantially surrounds the thermal 
block assembly, thereby minimizing the difference in temperature between the thermal block 
assembly and air 79 in and around the thermal block assembly, as best shown in Fig. 5. The first 
insulating cover 70 reduces the amount of air surrounding the thermal block assembly. Second, 
the first insulating cover 70 reduces the convective heat transfer coefficient along the thermal 
block assembly surfaces because the first insulating cover reduces the amount of natural 
convective air currents. 

The first insulating cover further includes tube holes 77. Tube holes 77 are provided at 
the end of each sample well opening 74. Each tube hole 77 accommodates the passage of a 
sample tube 140 into a sample well as best shown in Fig. 5. As shown in Figs. 20-22, the first 
insulating cover further includes projections 78. The projections 78 are located at predetermined 
locations of the inner surface 72 of the first insulating cover in order to provide proper spacing 
between the interior surface of the first insulating cover and the top surface of the thermal block 
plate 22. The projections 78 are also sized and located in order to provide adequate pressure 
between the thermal block assembly and the thermal interface material. The projections 78 
contact the top surface of the plate 22. 

The first insulating cover 70 further includes a plurality of bosses 76 with attachment 
holes 75 for passage of the attachment screws. The attachment holes extend partly into the first 
insulating cover as shown in Fig. 22. 

The means for attaching the various components described above will now be described. 
It is important that the means for attaching the various components does not result in significant 
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heat transfer away from the thermal block assembly to the outside of the components. Any heat 
transfer which occurs from the thermal block assembly should occur through the thermal block 
plate, thermal interface elements, solid state heaters and heat sink in order to maximize 
temperature uniformity. These elements are designed to have uniform heating and cooling 
characteristics so that no one area of the thermal block plate will be cooled any faster than 
another area. However, attachment fasteners must be provided in order to attach the first 
insulating cover, thermal block plate, thermal interface elements, spacer bracket, Peltier heaters, 
and heat sink base. The attachment fasteners of the present invention have been designed to 
minimize the heat transfer that occurs through the attachment fasteners. 

As embodied herein and shown in Figs. 23 and 24, a plurality of attachment screws 160 
are provided for passage through the various attachment holes. Each attachment screw includes 
a threaded portion and a head 164 in order to impart a compressive force on the attachment 
screw and the components between the first insulating cover 70 and the heat sink. The threaded 
portion of each screw 160 threads into an internal threaded portion 162 of the first insulating 
cover 70. The internal threaded portion 162 of the first insulating cover 70 extends from the boss 
76 on the inside surface 72 of the first insulating cover. Each attachment screw then passes 
through the spaces between the sample wells, through the attachment hole 27 in the thermal 
block plate 22, through the attachment hole 48 in the spacer bracket 46, and through the 
attachment hole 36 in the heat sink base 34. As can be seen in the drawings, the attachment 
screw preferably passes through holes 27, 48 and 36 without making contact with the sides of the 
attachment holes. The attachment screw 160 is preferably made out of stainless steel, although 
any number of suitable materials are also acceptable. A bore 166 is provided on the underside of 
the heat sink underside 35 for the head 164 of the attachment screw 160. By providing the bore 
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166 on the underside 35 of the heat sink, the attachment screw is spaced from the convection 
currents which occur along the underside of the heat sink. 

The means for attaching the various components further includes an insulating washer 
168 positioned between the underside 35 of the heat sink base and the head of the screw. The 
insulating washer is preferably made out of mylar, although other materials with good insulating 
properties are also acceptable. The mylar washer prevents the attachment screw from making 
contact with the heat sink 30. This lack of contact prevents heat from the thermal block plate 22 
from being transferred to the heat sink 30 via the attachment screws. This is especially important 
because the heat sink 30 is normally at a lower temperature than the thermal block plate 22. As 
shown in Figs. 23 and 24, a standard split locking washer 170 may also be provided between the 
surfaces of the insulating washer 168 and the attachment screw head 164. The split locking 
washer 170 helps to maintain the screw torque and preload during the thermal cycling. 

A plastic screw cap 172 is provided for plugging the bore 166. The plastic screw cap 172 
surrounds the head 164 of the attachment screw, and helps to prevent heat from being transferred 
from the head of the attachment screw to the ambient air that flows along the underside of the 
heat sink. Insulating screw caps 172 are therefore provided over the top of each attachment 
screw head in order to prevent heat transfer to the ambient air. These insulating screw caps can 
be made out of a variety of materials such as ethylene vinyl acetate. 

In accordance with the present invention, the apparatus further includes a resistive 
element heater located above the thermal block assembly to provide heat to the thermal block 
assembly. It should be understood that any other type of suitable heater may also be used. As 
embodied herein and shown in Figs. 2, 5 and 25, top resistive element heater 80 is placed above 
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the thermal block assembly 20. The top resistive element heater 80 is a flat rectangular plate as 
shown in Fig. 25, with a heating area 86 around the outside periphery. The surface of the plate is 
spaced from the top of the first insulating cover 70 so that the sample tubes 140 can be 
accommodated between the resistive element heater 80 and the first insulating cover 70 as best 
shown in Fig. 5. 

The surface 82 of the resistive element heater has a plurality of holes 84 for allowing 
emitted radiation from the samples to pass out of the apparatus to be detected by a suitable 
detection system. The surface 82 of the resistive element heater is lined with a thin layer of 
insulating material such as silicone rubber. The thin insulating layer on the surface of the 
resistive element heater contacts the top of the caps 146 of the sample tubes 140 to reduce the 
likelihood of condensation occurring on the tops of the caps. This is best shown in Fig. 5. 
Condensation on the caps may increase errors in the data and degrade the accuracy of the 
experiment. The resistive element heater also imparts a compressive load on the sample tubes. 
This compressive load enhances the uniform contact between the outer surfaces of the sample 
tubes and the inner surfaces of the sample wells. The compressive load is imparted as a result of 
the securing means on the second insulating cover which will be discussed below. 

An aluminum contact plate 81, shown for example in Fig. 5, is provided between the 
resistive heater element 80 and the second insulating cover which will be described below. 

In accordance with the present invention, the apparatus further includes a second 
insulating cover including a securing means for securing the DNA sample tubes into the thermal 
block by imparting a uniform compressive load, and an insulator plate for insulating the thermal 
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block assembly. As embodied herein and shown in Figs. 1-5 and 26-30, second insulating cover 
90 is provided on the top of the apparatus. 

Second insulating cover includes a securing means 92 which will also be referred to as 
the top shell. Securing means 92 is a bracket with a top flange 94 and a side flange 96. The 
securing means 92 is preferably made out of 20% glass-filled polycarbonate, however, any other 
suitable insulation material is acceptable. The top flange 94 is located immediately above the 
second insulating plate, which will be described below. As shown in Fig. 1, a hinge 96 is 
provided so that the second insulating cover 90 and top resistive element heater 80 can be 
pivoted relative to the spacer bracket cover 49, spacer bracket 46, thermal block assembly 20, 
and first insulating cover 70. Hinge 96 includes a top hinge bracket 98 attached to the second 
insulating cover 90, and a bottom hinge bracket 100 attached to the spacer bracket cover 49. 

Second insulating cover includes an insulation plate 1 10 as shown in Figs. 1-5 and 28- 
30. Insulation plate 1 10 has a plurality of holes 112 corresponding to the sample wells. The 
holes allow radiation to be emitted into and out of the DNA sample as previously discussed. The 
insulation plate provides insulation for the top resistive element heater 80, first insulation cover 
70, and thermal block assembly 20. The insulation plate 1 10 prevents heat loss through the top 
of the apparatus, thus promoting thermal block temperature uniformity. The insulation plate is 
preferably made out of 20% glass-filled polycarbonate, however, any other suitable insulation 
material is acceptable. 

In accordance with the present invention, the apparatus further includes a radial fan to 
provide air to the heat sink. As embodied herein and shown in Figs. 1-4, a radial fan 1 18 is 
provided adjacent the bottom fan duct 120. The bottom fan duct has an air inlet opening 122 
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through which ambient air enters the apparatus. The circulating air flows upward along the 
interior of the central fan duct 124. The circulating air then enters the spaces between the heat 
duct fins 32 and flows along the underside 35 of the heat sink 30. The heat sink transfers heat to 
the circulating air which then passes out of the apparatus through fan air exit plates 126. The fan 
air exit plates 126 are bolted onto flanges 128 of the central fan duct. 

As previously discussed, the present invention is designed to increase the cycle life and 
reliability of the Peltier heaters. An additional way in which the reliability of the Peltier heaters 
is improved is by matching the thermal coefficient of expansion of the materials used for the 
structural components surrounding the Peltier heaters. Specifically, the copper thermal block 
plate, first insulating cover, spacer bracket and heat sink base plate have all been designed to 
have very similar thermal coefficients of expansion. During thermal cycling of a DNA sample, 
the Peltier heaters are structurally loaded with forces resulting from the expansion and 
contraction of these components. By providing similar thermal coefficients of expansion to these 
materials, the expansion and contraction forces on the Peltier heaters are minimized, thereby 
improving the cycle life of the solder joints within the Peltier heaters. 

It will be understood that a suitable computer device, such as that includes a 
microprocessor, can be incorporated into the control electronics of the apparatus. The 
microprocessor controls the temperature of the apparatus and the amount of time that the 
apparatus is at each temperature in the thermal cycle. The microprocessor can be programmed to 
conduct the appropriate thermal cycle for each type of sample material. 

The operation of the apparatus is described below. The second insulating cover 90 of the 
apparatus is opened up by pivoting about the hinges 96. A tray of disposable sample tubes are 
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placed on top of the first insulating cover 70 so that the DNA in the sample tubes are positioned 
in the sample wells. The second insulating cover 90 is then closed. 

Thermocycling can now be performed. The thermocycling is controlled by a controller. 
During thermocycling, the DNA will undergo a pre-programmed thermocycling process of 
raising and lowering temperatures in order to replicate the strands of DNA. Before undergoing 
the process, the temperature of the thermal block assembly is measured at at least one location. 
The controller then calculates the desired temperature of the thermal block assembly at the 
particular time. The desired temperature is then compared to the measured temperature. If the 
measured temperature is less than the desired temperature, heating of the thermal block assembly 
will occur. Heating the thermal block assembly comprises several steps. The first step is 
imparting a first heat rate via at least one first heater, a portion of the first heat rate being 
transferred to the thermal block assembly. The second step is imparting a second heat rate via a 
second heater, a portion of the second heat rate being transferred to the first heater. The third 
step is imparting a third heat rate via a third heater, a portion of the third heat rate being 
transferred to the top of the sample tubes in order to reduce the likelihood of condensation 
occurring on the top of sample tubes. It is understood that all three of these steps may be 
performed simultaneously. 

Because a plurality of first heaters may be provided, the heat rate output of each of the 
plurality of first heaters may be independently controlled. This will allow the controller to 
monitor the sensor cup temperatures so that all of the sensor cups have a substantially equal 
temperature. Likewise, if a plurality of second heaters is provided, the heat rate output of each of 
the second heaters may also be independently controlled. 
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However, if the measured temperature is greater than the desired temperature, heating 
does not occur but instead the thermal block assembly will be cooled. This is done by reversing 
the current on the Peltier heaters in order to turn them into coolers, and by also imparting a 
cooling convection current on the heat sink which is thermally coupled to the thermal block 
assembly to provide heat transfer from the thermal block assembly to ambient air adjacent the 
heat sink. A radial fan may be provided for providing the convection current to the heat sink. 

Once the step of heating or cooling is performed, the cycle continues by repeating the 
steps of measuring, calculating, and comparing until the predetermined thermal cycle for the 
samples of biological reaction mixture is completed. After the proper number of cycles have 
been performed, the top insulating cover will be opened and the DNA sample tubes will be 
removed from the sample wells. 

The thermal cycling apparatus could also be modified to incorporate a temperature 
gradient means across the thermal block. A thermal cycling apparatus with a temperature 
gradient means is used to discover the optimum polymerase chain reaction annealing stage 
temperatures. The apparatus of the present invention is primarily focused towards producing the 
DNA via polymerase chain reactions once these temperatures are known. However, the 
apparatus for thermal cycling could be modified to include a temperature gradient means or 
independent temperature zones. 

It will be apparent to those skilled in the art that various modifications and variations can 
be made in the apparatus and method for thermally cycling biological samples, use of the 
apparatus of the present invention, and in construction of this apparatus, without departing from 
the scope or spirit of the invention. 
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Other embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is intended 
that the specification and examples be considered as exemplary only, with a true scope and spirit 
of the invention being indicated by the following claims. 
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